The study assessed the number of soil and water conservation techniques employed by maize farmers in the northern, upper east and upper west regions of Ghana. The paper provides an understanding of the factors that influence the adoption by smallholder farmers. Poisson model is employed to estimate soil and water conservation techniques adoption. The results indicate that farmers who are near to input store/market, males, gifted with land, have access to credit and own livestock employ the largest number of soil and water conservation techniques. The results confirm the importance of road network and agricultural credit provision to facilitate production technology adoption by farmers.
Introduction
Aside the service and industrial sectors, the most important sector driving Ghana's economy is the agriculture sector which constitutes 30.2% of Ghana's GDP (MoFA, 2010) . It is responsible for providing food for both the rural and urban population. Though dominated by small scale farmers who produce mainly for home consumption, agriculture supplies raw materials to feed industries and also a major source of revenue for the country (Kuwornu et al., 2013) . Out of the total share of agricultural GDP, the crops sub-sector contributes about 66% (MoFA, 2010) . Maize in particular is one of the most important crops for Ghana's agricultural sector contributing to Ghana's GDP and food security. In terms of area planted it is reported to be the number one, contributing significantly to consumer diets and accounting for 50-60% of total cereal production (MiDA, 2012) .
The availability of land with excellent soil and climate, water sources for irrigation, cheap farm labour, subsidised agricultural mechanization services through the establishment of agricultural mechanisation service centres (AMSEC), subsidised fertilisers through the national fertiliser subsidy program and establishment of block farms gives Ghana attractive attributes for the production of maize and to a larger extent, makes it suitable for commercial farming. However, despite all the available opportunities and resources, the country is not self-sufficient in maize production. For instance, in the year 2012, farmers recorded an average yield of 1.7 Mt/Ha against achievable yields of 6.0 Mt/Ha due to low adoption of soil and water conservation techniques (Akudugu et al., 2012) . Around the same period, an average shortfall in domestic maize supplies was reported to be 12% (MiDA, 2012) . In an attempt to resolve this puzzle, government developed strategies to increase production of this staple crop to meet the demand of the growing population of 2.4% per annum (MoFA, 2010) .
Among these efforts is the introduction and promotion of several soil fertility management practices which are embedded in the FASDEP II, CAADP, ECOWAP, METASIP, etc. But for farmers to embrace these practices that have for some time been advocated by government and other agencies there must be deriving factors which propels them.
The essence of this study therefore, is to develop a better understanding of the drivers of adoption of soil and water conservation technologies. This will enable government and stakeholders designed policies that are geared towards improving adoption of the technologies. The analysis is expected to provide an in-depth knowledge of technology adoption and the role played by farmer, farm and institutional factors in adoption.
The soil and water conservation technologies used for this study include terracing, mulching/cover cropping, minimum/zero tillage, windbreaks, contour farming, crop rotation, water pans/planting basins, grass strips, tree planting, stone bands, soil bounding, fallowing, composting, inorganic fertiliser use, green manure, farm yard manure, slash and burn, leguminous crops and lime use.
The rest of the paper is organised as follows: Section 2 presents a review of related literature. While Section 3 outlines the methodology, Section 4 discusses the findings of the study. Section 5 concludes the study with recommendations.
Literature review
Apparently, the problem with adoption studies is associated with the variables and the models considered. Therefore, the literature was divided into two sections. In the first section, the study deliberated on the findings of past studies, concentrating on the variables proposed to consider for the analysis. Then the next second section concentrated on the models used by past studies and the problems encountered. This guided the choice of variables and the model considered. It is therefore firmly believed that this paper will provide information about strategies to overcome adoption constraints to the promoters of agricultural technologies and to identify gaps in the literature which researchers will seek to fill.
Variables used
In describing the adoption behaviour of smallholder farmers several factors have been suggested as the main causes of the rate of diffusion of technologies. Prominent among these factors are the four hypotheses highlighted by Foltz (2003) 1 . However, no matter how promising these factors are, they vary from area to area due to differences in agro-ecological as well as socio-economic setting under which production takes place (Bekele and Drake, 2003; Kessler, 2006) . Moreover, results exhibited by these studies tended to be contradictory or in some cases depends on the practices considered. For instance, in a study to investigate the determinants of adoption of soil fertility management technologies in Western Kenya, Martins et al. (2011) revealed that, education level of the household head, cattle ownership, location of the farm, access to extension services and off-farm income accelerated the adoption of different practices while age of household head and market liberalisation retard adoption. Gender of household head gave mixed results. The study also indicated that factors that influenced adoption varied by the practices.
In Ghana (upper east region in particular), Martins' study was replicated by Akudugu et al. (2012) but this time, the outcome of the results was mixed as some of the variables contrasted while others were compatible . Socio-economic and institutional factors such as gender, educational level of the farmer and access to credit were the main determinants of technology adoption. In contrast to Martin's study, extension services did not show any significant relationship with adoption. Nkegbe et al. (2012) examined the adoption behaviour of smallholder farmers in northern Ghana. Their results showed that the major determinants of adoption are plot and cropping characteristics such as location; and socio-economic and institutional variables such as number of contacts with extension officers, membership in farmer association and distance to major market.
Using a national level survey conducted by Ghana's Ministry of Food and Agriculture, Abdul-Hanan et al. (2014) replicated Nkegbe's study in Ghana. Their results showed that smallholder farmer adoption of soil and water conservation techniques is highly dependent on variables such as access to credit, farm size, group membership and proximity to input sale points. Education and extension visits/contacts respectively exhibited inconsistent patterns with Martins et al. (2011) and Nkegbe et al. (2012) .
Models used
In an attempt to analyse the factors that influence uptake of improved technologies in sub-Saharan Africa, different theoretical models have been proposed for explaining the major determinants of adoption of technology. One area that has received widespread recognition in adoption literature is the models that have been used to determine the factors that influence the adoption (Oehmke and Crawford, 1996) . Some of the models that have been implemented for estimating the major determinants of adoption include the binary and the multinomial choice models such as probit model and logit model. For instance, in an attempt to determine how socio-economic factors contribute to adoption of Green revolution technology in Ghana, Donkoh et al. (2011) used the binary probit model. Another tedious study is that of Sezgin et al. (2010) in which the factors affecting the adoption of a bundle of agricultural innovations in Turkey was determined separately. Based on data from a survey of a random sample of smallholder households in western Kenya, Martins et al. (2011) investigated determinants of time to adopt mineral fertiliser, animal manure and compost using duration analysis. Another important study is that of Eneyew et al. (2013) , which assessed the role of small scale irrigation on poverty in the valley river basin of Ethiopia using the binomial logit. Other studies include Nambiro and Okoth (2012), Mpiira et al. (2013) and Teshome (2013) . Despite the fact that these studies have been conducted, a number of lapses concerning the use of binary choice models have been revealed and must be pointed out. First, most of these studies failed to indicate the number of technologies a farmer can adopt at a time. More importantly, these approaches have been under heavy criticism for their inability to take care of a situation where the response variable is in a form of counts. Also in using these models, a researcher must always assume that farmers use only one technology. Such assumption is always an illusion since farmers in reality do not use one technology. Presented in another way, Cowen and Gunby (1996) argued in their path dependence theory that the adoption of any one technology does not preclude the adoption of any other. This thus, indicates that there is no limit to the number of technologies adopted so long as the last technology adopted is profitable.
To avoid the problems enumerated above, this study tried to adopt the Poisson regression model which has been proposed in the statistics and econometric literature. The Poisson regression model, to a large extent, takes care of some of the problems mentioned above. Few studies that that employ this model include Singh et al. (2008) and Faria et al. (2003) . Also, the robust standard errors and predicted variance inflation factor are used to control for heteroskedasticity and to test for the presence of multicollinearity in the data respectively.
Methodology

Study area
The study was conducted in the northern and upper east regions both located in the northern part of Ghana. The upper east region is located in the north-eastern corner of Ghana and it is the second smallest of the ten administrative regions in Ghana, occupying a total land surface of 8,842 square kilometres or 2.7% of the total land area of the country. The regional capital is Bolgatanga, sometimes referred to as Bolga. However, the area has extremely challenging conditions for farmers, with high temperatures, erratic rainfall and eroded soils making forever lower crop yields. The northern region on the other hand is the largest region in Ghana in terms of land area occupying an area of about 70,383 square kilometres. It shares boundaries with the upper east and the upper west Regions to the north, the Brong Ahafo and the Volta Regions to the south, and two neighbouring countries, the Republic of Togo to the east, and La Cote d to the west. The relatively dry region is often moistening by a single rainy season that begins in May and ends in October with an average rainfall of 1,100 mm. The dry season starts in November and ends in March/April resulting in high temperatures occurring towards the end of the dry season (March-April). The upper west region shares borders to the north with Burkina Faso, to the east with the upper east region, to the south with the northern region and with Côte d'Ivoire to the west. The region covers a geographical area of 18,476 square kilometres, which is about 12.7% of the total land area of Ghana. The region is located in the Guinea Savannah belt. The climate of the upper west region follows a general pattern similar to the northern and upper east regions. It has a single rainy season from April to September, with average annual rainfall of about 1,000 mm. This is followed by harmattan, a prolonged dry season characterised by cold and hazy weather from early November to March, and an intense hot weather that ends only with the onset of early rainfall in April. The soils are poor and only favour the cultivation of crops such as cotton and tobacco.
The unimodal nature of rainfall in these areas coupled with absence of typical soil conservation strategies subject them to draught and make it difficult for returning adequate resources to the soil. Cultivation is explicitly difficult especially in areas where machines are inaccessible and thus, necessitate the need for adoption of soil conserving techniques to boost productivity in these areas.
Theoretical framework
The theoretical underpinnings of why farm households adopt a technology adapted in this study, is derived from the theory of random utility as operationalised in Foltz (2003) . Foltz assumed that the rational choice behaviour governs farmers' decisions especially when face with alternative choices. According to Foltz (2003) when a farmer is faced with many choices, he rationally chooses the one that will maximise his/her utility. In this way, the farmer's decision reveals his/her preferences, which can then be described as a function of observable characteristics of the farmer.
Also note that a farmer who foresees that a technology can maximise his/her utility will have a reservation price, P * (w, x, δ), for the technology and the price can be greater than or equal to the actual market price, P. The reservation price is the amount that an individual would be willing to pay for the technology given that w is the asset position; x is other inputs used and δ is the parameters of his preference function. The market price, P, is a given price of the technology, which is assumed to be the same for all individuals. Now, assuming Y is dependent variable defined as an index variable for whether or not individuals adopt the new technology, then:
Where the variables are as defined earlier. Based on equations (1) and (2), the farmer utility function is then specified as:
Where X is a set of characteristics of the decision maker and β is the parameter vector.
Here β′X becomes an index function that allows the estimation of the probability of adoption (that is Y = 1) in the following fashion:
If the disturbance term in equation (4) is normally distributed, the model becomes a standard probit model and by symmetry, specified as:
where F(·) is the cumulative density function of the normal distribution.
The above framework represents a binomial distribution (i.e., when the technology under consideration is one). In situations where the farmer is faced with a bundle of technologies, the farmer makes series of discrete household decisions that sums across an aggregation of choices to a Poisson distribution. The Poisson regression model is the development of the Poisson distribution which will be discussed in the next section.
Analytical framework
Following the need to address the estimation problem discussed in literature, the analytical model adopted in this study is the Poisson regression model. According to Cameron and Trivedi (1986) and Greene (2008) , the Poisson regression is represented by the basic equation:
where Pr(y i /x i ) is the probability of farmer i adopting y techniques at a time and λ i is the Poisson parameter for farmer i. Given that the expected number of SWC techniques adopted per period is E(y|x i ), then the mean parameter as the function of the regressors, x i and a parameter vector β is given by:
The parameter λ is assumed to be log-linearly related to regressors x i . Therefore,
The log-likelihood function is given by:
where y is the number of technologies adopted; β is a 1 × k vector of parameters; x is a k × 1 vector with the values of k independent variables in the i th observation and n is the number of observations.
Data
A better understanding and documentation of the relevant parameters is feasible when data is pooled from different sources using different techniques and instruments. As a result, semi-structured survey questionnaires, covering issues such as soil conservation techniques, farmer, farm and institutional characteristics were administered to farmers.
The selection of the farmers for in depth interviews was done by multi-stage sampling. In the first stage, three districts, one from each of northern, upper east and upper west, three regions were randomly selected with probability proportional to size, using districts' population in year 2010 as a measure of size. In the second stage, a total of 15 enumeration areas (EAs) were selected; five EAs were randomly selected with probability proportional to size in each district, using the list of EAs compiled by the 2010 Census as a sample frame, and projected total population as a measure of size. The Kassena-Nankana East District was replaced with Bongo District because of the land disputes prevalent in the area in early 2011. In the third stage, eight holders were randomly chosen in each EA, using as a sample frame, the full list of all holders, compiled from the household and holders listing questionnaire. This provides a total sample of 120 holders, consisting of 40 holders per district as shown in Table 1 . The household surveys were complemented by focus group discussions at REFLECT circle levels. The focus groups discussed issues bordering on farmer's access and control to land, crop choices and participation in level decision making. Discussions were also held with opinion leaders notably Assembly men, community women leaders also known as 'Mangasias' and men group leaders or 'Chairmen'. Opinion leaders' consultations were intended to help the research team explore more into alternative issues that are anchored in the traditions and norms of the various communities and limit adoption potential of the farmers. 4 Results and discussion Table 2 presents the description and summary statistics of the variables included in the regression estimations. Post estimation shows that there was no problems relating to multicollinearity as the predicted variance inflation factors of all the variables were found to be less than 10. The mean number of soil and water conservation techniques adopted is 1. The average farm size per farmer is about 3 acres. About 80% of the farmer respondents were males whiles 20% were females. The average number of years spent in education is about two years and the average age of a farmer is 43 years. About 13% of the farmers are married while 87% are single. About 30% of the respondents get income from other sources aside farming. Also, few of the maize farmers had contact with extension agents during the crop season (26%). The average household size per farmer is about 12 members and the average distance from the farmer's farm to the market or input store is 4 Km. For the method of land acquisition, only about 13% acquire land by gift while 87% acquired land by rent or purchase. The average cost of labour per farmer is about GH¢ 1,912 (USD 496.62). About 19% of the farmers own livestock and 50% are from the northern region local rights area whiles 50% are from the upper east region local rights area. 
Factors influencing the adoption of soil and water conservation techniques
The factors influencing the number of soil and water conservation techniques adopted by households were categorised into three main factors namely economic, social and institutional factors. The economic factors included farm size, land acquisition, labour cost, livestock ownership, credit access, distance to input store/market and the off-farm income generating activities that farm households engage in. The social factors included the age of farmer, household size, education, sex and marital status. The institutional factors included number of extension visits and local rights area. The statistics in Table 3 showed a pseudo R-square of 0.35 and a chi square of 0.00 indicating 1% level of significance. This implies that all the explanatory variables together explain the number of SWC techniques adopted in the northern and upper east regions of Ghana. The result of the regression analysis revealed that six variables were found to be significant in relation to the number of SWC techniques. These variables include sex, marital status, access to credit, distance to input store/market, land acquisition and livestock ownership. Sex, marital status, credit access, land acquisition and livestock ownership are positively related to the number of soil and water conservation techniques adopted. These variables were also highly significant at 1% with positive coefficients that indicate that there is a direct relationship between each of these variables and number of techniques adopted. Distance to the market/input store was significant at 10% but negatively related to number of SWC techniques. Age, household size, education, group membership, off-farm income, labour cost and local rights area were insignificant and negatively related to intensity of adoption whiles age square, farm size and extension contacts were insignificant and negatively related to intensity of adoption.
The significance and positive relationship between the sex variable and number of techniques adopted means that male farmers are more likely to adopt modern agricultural production techniques than their female counterparts. This contradicts the recent findings of Akudugu et al. (2012) , Mensah-Bonsu et al. (2010) , Doss and Morris (2001) and Overfield and Fleming (2001) that showed insignificant effects of gender on adoption. The reason for this is that men are the people who make production decisions in the study area and also control productive resources such as land, labour and capital which are critical for the adoption of new technologies.
As was expected, married farmers have a higher probability of adopting the techniques than their single counterparts. This is because couples do not only serve as a supplement for labour but also create a platform for searching and sharing of ideas about techniques. It was therefore expected that married farmers will adopt soil and water conservation techniques than their unmarried counterparts.
The results also revealed that having access to agricultural credit increases the intensity of soil and water conservation techniques adopted by the maize farmers, and this underscores the importance of providing farmers with credit to support their investment in productive enhancing factors. This is consistent with Eneyew et al. (2013) who found adopting of manure and mineral fertiliser to be highly associated with farmers who had access to off-farm income. Shiferaw and Holden (1998) also argued that households with prior access to off-farm income were more likely to adopt soil management technologies.
Distance to the input store/market is consistent with our expectation as it was hypothesised to be negatively related to the intensity of adoption of soil and water conservation measures. This implies that farmers whose farms are far from the input store/market have a lower probability of adopting soil and water conservation techniques. This can be due to the fact that households near the input store/market tend to have access to information and are more likely to be visited by extension agents. Moreover, the transaction cost of searching for technical knowledge and information is lower for farmers living close to the input store/market. This result is in line with the findings of Teshome (2013) and Gebremedhin and Swinton (2003) in Ethiopia and Lapar and Pandey (1999) in the Cebu districts of Philippines. It can therefore be concluded that distance from input store/market is a crucial factor for the individual soil and water conservation decision.
Another variable found to be consistent with our expectation is land tenure security proxied by mode of land acquisition. Since some of the techniques have long term benefits, it was expected that farmers who had full control over land through purchase or gifts will adopt soil and water conservation techniques. The significance and positive relationship between the number of soil and water conservation techniques adopted and land acquisition variable implies that household with full control over lands tends to have higher probability of adopting SWC techniques than their counterparts. The reason is that households that farm on gifted or purchased lands are secured and are assured of reaping the benefits at all times without any hindrances. The results is consist Goldstein and Udry (2008) who demonstrate that individuals who have more secure tenure rights to land invest more in land fertility and have substantially higher output.
Livestock ownership is also significantly and positively related to number of SWC techniques adopted per farmer. It is worth noting that livestock ownership is a proxy variable for wealth and power. It was expected that household with wealth and power will have higher probability of adopting the technologies than their poor counterparts. This is because wealthy households (livestock owners) do not only meet the expenses involved at the initial stages of technique adoption but also use the livestock for digging when a technique like soil bund is constructed. Aside being able to ease cash constraints through sales of the animals or its products livestock ownership increase availability of manure and act as a major conduit of nutrient flows on the farms through nutrient recycling. It is thus hypothesised to accelerate adoption of manure and mineral fertilisers. The results in this study is consistent with that of Ayamga and Dzanku (2013) who explained that households resources help to either invest to maintain soil or further enhance the productivity. Though not significant, the negative relationship exhibited by age is consistent with a prior expectation. This is because old farmers are more suspicious about new techniques than young and therefore tends to reduce the number adopted (Shiferaw and Holden, 1998) . Besides, older farmers have accumulated much experience in faming through experimentation and observation and may find it difficult to leave such experiences for new techniques. This is even confirmed by the insignificant nature of the age square. The level of education of the farmer also exhibited an insignificant and negative relationship with number of soil and water conservation techniques. This implies that the illiterate tends to have higher probability of adoption than their counterparts. Perhaps this also implies that farmers do not need much education in order to adopt soil and water conservation technologies. This may be the reason for the insignificant of the extension and group membership variables as they all draw the farmer closer to an in-depth knowledge of soil and water conservation techniques.
Conclusions and recommendations
Designing projects and policies for promotion of soil and water technique adoption depends on the understanding of the key factors affecting farmer adoption decision. Using a sample survey dataset from northern and upper east regions of Ghana, the study employed the Poisson regression model to assess the determinants of adoption soil and water conservation techniques by maize farmers. The study has shown that policy interventions should focus on distance to input store/market, sex, credit access, livestock ownership and land acquisition. In this study we find a negative relation between distance from the input store/market and decision to adopt a technique. This significance of the distance variable suggests that policy makers should lay much emphasis on expanding road facilities. Expansion of road network has facilitated access to market and has resulted in improvement in communication which enabled farmers to keep better informed about techniques. This has provided farmers with strong incentives to seek ways of increasing production by better conservation techniques. Also the significance of the credit access implies that providing farmers with strong incentives enable them to meet the cost involved in the initial stages of adoption thereby increasing production.
